57 8 2008 8
1000-3290/2008/57 08 /4833-07

ACTA PHYSICA SINICA

Vol.57 No.8 August 2008
(©2008 Chin. Phys. Soc.

T,0 X A, )

12 13

1 3 15
610065
343009
343009
326

T,0 X 4, Born-Oppenheimer T,0 X'A, H,0 X'4,
Born-Oppenheimer
Born-Oppenheimer
T,0 X '4,
T,0 X '4, T,0 X 'A,
T,O X '4,
T,0 X 4, T+0T—T,0 0+T,—~T,0
T,0 X 'A,
PACC 3120A 3130G 3420B 8220K
7 T,0
1. T,0
Cope ° T,0
Shu ° T,0 CcO CO, Cho
Urquidi * T,0
i T,0
.T,0 X 'A,
s T,0 X 'A,
Born-Oppenheimer
N T,0 X'4, H,0 X4,
T,0 X 4,
~ T,0 X 4, T,0 X'4, H0 X4,
R T,0 X 4, Born-Oppenheimer
T,0 X '4,
T,0 X '4,
T,0 T,0 X 'A,
T,0 1—6 T,0 X 4,
Nakashio dissociation
* 10676022

T .E-mail 8102011wen @ sina. com



4834 57
limits . T,0 X 4, Oppenheimer
Or A" D, 1 0D,
0 °P, 15 0°r, >
T,0 X A, 0 'D,
T,0 X 4, 1 ,OXY4, T3, 0'D,
T,0 X 4, /eV T %S, /eV 0 'D, /eV D./eV
2 —2080.2042 -13.6287 —2040.5296 -12.4172
R 2.3. T,0 X A,
2.1. T,0 X ‘A,
16
T,0 X '4,
T,0 X 'A,
- 1
B3LYP
Becke Vio =Vo + Viy R + Vg R,
Lee Yang  Parr 5 5
Vosko Wilk  Nusair VWN VR Vi RyORy B 2
Becke ki Vo 0 0 ng
D Vio R Voo Ry Vi R, C,,
B3LYP Gaussian 03 Vie R = Vo Ry Viy Ry R
6-311++G"" T,0 X A, R, P R
C,, T R, 10
X A, 0—T  0.0962 nm Vior R R, Ry = P R T R, . 3
T—T  0.1527 nm T—O—T 105.1°. 2 T, X'=;
2.2. T,0 % 1y, OT A" ) Murrell-Sorbie
T,0 X '4, Ve :—De1+a]10+az‘02+ot3‘03 exp — a;p
. 4
" T,0 X 'A, p=R-R, R R,
T,0 X '4, a; a, a; T, XIE;
T, X3, +0'D, OT A°S* R R. D.
T,0 X'A, —{O0T A=" +T°7S, 1 a, a, as.
T, +T7S, +0'D, 2 T,0 XA,
T,0 X 4,
D.. T,0 X '4,
T,0 X 'A,
B3LYP/6-311 ++ G~ T,O0 X 'A, T 7S, , 3
0 'D, Bom-  T,0 X 4,




4835
y ! v 1 IS k E,
2.4. T,0 X A, T,0 X A,
k w v
19
1
. E, =\v+ 5 hew
Born-Oppenheimer
1 k
W =5 —.
Born-Oppenheimer TN H
E, o pu
T,0 X '4,
Born- Born-Oppenheimer
Oppenheimer 18
H, T, OH 0D
2 2 w, Xe
B o T,0 X 4,
i
2 H T, OH OD 18 19
w./em™! wEXE/cm_] B./em™"  a /em™! R./nm
H, XIEQ 4401.21 121.336  60.853 3.0622 0.07414 sz = Wep /jjT
T, XIZ;r 2546.47  41.230 20.335 0.5887 0.07414
wi i :ji-w
OH X2, 3737.76  84.881 18.911 0.7242 0.09697 eXe #L eXe 6
0D X2II, 2720.24  44.055 10.021 0.2757 0.09698 ; A
B, =B,
7
2 H T OH 3n
S i =(£) .
0D o
Born-
Oppenheimer T,0 X A, oT A’
Born-Oppenheimer D, Murrell-Sorbie a,
a, daj 6
18 OH A"
intramolecular potential energy functlorj OT A"
T,0 X '4, "
w, @ ;
V="V Ry Ry O T 4wy, 4
Ror 0—T 810'1‘ T—0—T OH A 22 ¥ oT A 22+
E, 3
3 OH A= OT A=
nlg mol 7! we/cm’l wyx,,/cm" Be/cm’l ae/cm’l R./nm D./eV
OH A%+ 0.9480871 3178.86 92.917 17.358 0.7868 0.1012 3.3680
oT A+ 2.5376626 1943.03 34.714 6.485 0.1797 0.1012 3.3698
3 OT A=" 21 4.
S T,0 X 'A, T, X'/
a, a, a; MuITell—Sorbie 21



4836

57
6-311++G"" T,0 X 4,
4 . 4 T,0 X '4, 50 50
T, X5/ OT A" 50
4 T, X555 or A=
T2 Xlzg oT A22+ TzO XIA] 6
f>/10*a} nm~? 5.762 5.645 fR]Rl fR2R2 Jw leRZ lee fRze-
/f3/10*a} nm~3 -3.740 -3.989 5.
f4/10°a) nm~* 2.346 2.337 5 T,0 XU, .
(ll/nm_l 39.16 39.71 fR] 3 fRsz o fR] , f"’lﬁ fl\’zﬁ
a,/10°nm =2 3.882 2.656 0.51201 0.14819 -0.00331 0.02963
a3/10°nm ™3 3.374 1.990 .
R./nm 0.0741 0.1012 O X4,
D./eV 4.729 3.3698 .
’1 T,0 X A, 22
22
2.5. T,0X'4 2,2 2my 0 0) S,
. L 1 4r7vy =1 + sin” 5 | —— 8
my 2] my
T,0 X A, T,0 X 4, > f
47 vl +v; = (1 + ﬂcos2 ﬁ) fih
my 2] my
. Born-Oppenheimer 2 2my ., 0
. +—| 1+ n | fy 9
T,0 X '4, my mg 2
T,O X 'A Born-Oppenheimer 2 Jr & Jo
? ! PP 167 viv; :2(1 + ﬂ)iblklz 10
mg mry
V) VY, v; L0 X 'A, mg my
0 T )
T,0 X ‘A, T,0 X4,
H,0 XA, 6 1,0 D,0
22 . H,0 D,0
HDT T,0 X 'A,
B3LYP
6 H0 X'4, D0 X4, T,0 X4
f}e]RI/a-u- fwla.u. wi/em™! wy/em™! w3/em™!
H,0 0.49842 0.14647 3652 1595 3756 2
D,0 0.50998 0.14859 2666 1179 2784 2
T,0 0.51201 0.14819 2267 971.9 2356
T,0 X 'A 1
2 ! ” + a)3( vy + 5) 11
C v v v _E v v, v w, W, w3 vy Uy U3
1 U2 U3 = h N
¢ L0 X 4, G 000 =2267/2+

1 1
=w1(111 +3)+w2(vz +§)

971.9/2 +2356/2 =2797.45 em™' = 33.47 kJ/mol.



8 T,0 X 'A, 4837
23 H,0 HDO  D,0 1— 3 1 T—O0—T
55.44 48.24  40.54 kJ/mol H 105.1° 0—T
DT 1 Ry = Ror =0.0962 nm
T,0 X 'A, —12.4 eV T,0 X 'A,
T,0 X 4, T+ OT—>T,0
T,0 X '4,
3.
3.1. T,0 X '4, oalk
T,0 X 4, g |
2 3 . 3 3
S, : C,, = oz
# R,.=R, =0.0962nm R, =0.1527 nm
050 O/W2 V2 odded 005 03 ' o '
O. 0 O 5 5 00 O 1 ,
5525— EI/ 2 —1/V2 0@@02@ Ror/nm
|:|S3D U 0 0 1DD{03D
p;=R-R.i=123 R R, IO X, eV
.3 P T S, -
N 2 T,0 X'A, T—T x
) 0.1527 nm O
P Si = Cl + Cle + C3Sz + C4S3 + CSSI 53 T T 2
+ 51+ 65 13 0 T—T 0.058 nm
T = 1-tanh 7,5,/2 1 - tanh 7;S;/2 _12.4eV T,0 X ',
14 —0 O—T 0.0962
12 S: R R nm T—O—T 105.1° 0 T—T
G, R, R, 0.0585 nm. 2 0+T,~>T,0
S, .13 7 C,—C,
T,0 X '4,
7 7 0.2 F
14 7
73 . g
C, = 6.1786 C, = 14.0227 C, =

= 0.2727 C, = - 20.8494 C5 = - 15.5504 C, =
5.0109 C, = 7.4895 v, = 1.15 7, = 0.85.
T,0 X 4,
2

3.2. T,0 X A,

T,0 X '4,

2 0

T—T

eV



4838

57
0 105.1° T,0 X 'A,
T—T 3 T T—0
T—T T—T 360° 3 180°
0.0585 nm C,, T,0 X A, 1 T+ OT—~>T,0
2 T—T 0 T T—O0 0
T—T T—T—0
0 T—T 0.7 eV T
7.3 V.
7.6 eV T T—0
3 T,0 X'4, T—O x —12.4 eV
0.0962 nm T T,0 X '4,
T™—0 . 3
0.72 0.93 - 12.4 eV 4.
0 0.0962nm T
T,0 X '4,
0.4} T,0 X '4,
T,0 X A,
i or A=+
\g Born-
moozp Oppenheimer
T,0 X A,
T,0 X A,
o0 T,0 X A,
T+0T—>T,0 O0+T,—T,0
3T —O0 eV 1.0 X A,

1 Tuo YM Sun Y 2003 A¢. Ener. Sci. Techn. 37 36 in Chinese

2003 3736
2 DanGP ZengJH MaJG WangL X 1999 Chem. Res. Appl.
11366 in Chinese 1999
11 366

3 Qian X J Luo DL Huang G Q Xiong Y F Lei Q H 2007 J.

Nucl . Radiochem . 29 65 in Chinese
2007 29 65

4 Ducret D Laquerbe C 2002 Fusion Sci. Technol . 41 1092

5 Ducret D Ballanger A Steimetz ] Laquerbe C  Baudouin O Sere
Peyrigain P 2001 Fusion Eng. Des. 58—59 417

6 Sugiyama T  Asakura Y Uda T Shiozaki T Enokida Y
Yamamoto 12006 Fusion Eng. Des. 81 833

7 Nakashio N Yamaguchi ] Kobayashi R Nishikawa M 2001 Fusion
Sct . Technol . 39 189

8 Cope SD Russell DK Fry HA Jones L H Barefield J E 1986
J. Mol . Spectr. 120 311

9 Shu WM O’ hira S Suzuki T Nishi M F 2004 Fusion Eng.
Des . 70 123

10 Cho CH Urquidi J 1999 J. Chem. Phys. 111 10171

11 LaTH1997 J. Nucl. Radiochem .19 2 6 in Chinese
1997 192 6

12 ITwoDL SunY LiuXY Jiang G Meng D Q Zhu Z H 2001
Acta Phys. Sin. 50 1896 in Chinese

2001 50 1896
13 Yan S Y 2006 Acta Phys. Sin. 55 3408 in Chinese
2006 55 3408
14 Zhu Z H 1996 Atomic and Molecular Reaction Statics  Beijing
Science Press pp3 30—46 in Chinese 1996

3 30—46



8 T,0 X 'A, 4839

15  Moore C E 1971 Atomic Energy Levels | Washington  The 20 HeF C Zhu Z H 1979 Structural Chemistry —Beijing People’ s
Superintendent of Documents U.S. Government Printing Office Education Press p413 in Chinese 1979
p45 413
16  ZhuZ H YuH G 1997 Molecular Structure and Molecular Potential 21 Zhang . ZhongZ K ZhuZY SunY ZhuZ H 2003 Chin. J.
Energy Function Beijing Science Press pl30 in Chinese Chem . Phys. 16 455 in Chinese
1997 2003 16 455
130 22 Herzherg G 1950 Molecular Spectra and Molecular Structure |l
17 LiQ Liu XY 2001 Chin. Phys. 10 501 New York Van Nostrand Reinhold Company ppl61 169 170
18  Huber K P Herzberg G 1979 Molecular Spectra and Molecular 23 Eisenberg D Kauzmann W 1969 The Structure and Properiies of
Structure I\ New York Van Nostrand Reinhold Company Water London Oxford University Press pl70
pp250 270 508 514 24 MengDQ Jiang G Liu XY Luo DL Zhang W X ZhuZ H
19 Herzherg G 1950 Molecular Spectra and Molecular Structure | 2001 Acta Phys. Sin. 50 1268 in Chinese
New York Van Nostrand Reinhold Company pp75 141 2001 50 1268

Analytical potential energy function for tritium water
molecule T,0 X 1A, *

Luo Wen-Lang' > Ruan Wen' *  Zhang Li'  Xie An-Dong’  Zhu Zheng-He' *
1 Institute of Atomic and Molecular Physics ~ Sichuan University ~Chengdu 610065  China
2 College of Information Science  Jinggangshan University Ji'an 343009 China
3 College of Mathematics and Physics  Jinggangshan University ~ Ji'an 343009  China
Received 15 October 2007  revised manuscript received 26 March 2008

Abstract

The greatest difficulty in deriving the analytical potential energy function of T,O X 'A; lies in its identity with that of
H,0 X 'A, under the Born-Oppenheimer approximation. However molecular potential energy function is actually a function of
internal coordinates such as bond length and bond angle which correlate with vibration energy hence with vibration frequency
force constants and isotopic mass. Based on these relations by using nuclear vibration rotation and translation energies to
correct electronic energies the force constants of T,O X 'A; can be obtained which represent the difference in masses of
isotopes H and T. The calculations are reasonably consistent with reference values. After determining the dissociation limits and
dissociation energy and all parameters of two-body terms of T,O X 'A,  the analytical potential energy function has finally been
derived by using many-body expansion theory with due consideration of the isotopic effect. The potential energy contours correctly

show the equilibrium structure of T,0 X 'A; and the characteristics of the reactions T + OT>T,0 and O + T,—>T,0. The

results lay a sound basis for further researches on reactive collisions.
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